Objective: Quality of care may help explain the high burden of disease in maternal, newborn and child health in low-and middle-income countries even as access to care is improved. We explored the determinants of quality of antenatal care (ANC) in sub-Saharan Africa (SSA). Design: Cross-sectional study. Multilevel Generalized Linear Latent Mixed-Effect models with logit link function were employed to obtain the adjusted odds ratios (AORs) and 95% confidence interval (CI). Setting: We used Service Provision Assessment data from six countries in SSA, including Kenya, Malawi, Namibia, Rwanda, Tanzania and Uganda. Participants: Seven thousand, five hundred and seventy seven observed antenatal clients across the six countries. Main Outcome Measures: Quality of ANC services, measured using indexes of quality of clinical care and quality of information provided. Results: Providers in facilities that had ANC guideline (AOR = 1.26; 95% CI, 1.08-1.48), were wellequipped (AOR = 1.65; 95% CI, 1.41-1.92), were classified as upper level facility (AOR = 1.32; 95% CI, 1.05-1.66), had central electricity supply (AOR = 2.19; 95% CI, 1.81-2.65), and piped water (AOR = 1.30; 95% CI, 1.09-1.55) were more likely to provide optimal quality of clinical care. Moreover, those having ANC guideline (AOR = 1.81; 95% CI, 1.43-2.28) and central electricity supply (AOR = 2.67; 95% CI, 2.01-3.44) were more likely to provide optimal information as well. Provider's qualification and experience were also important in information provision and clinical care independently. Conclusion: The lack of some very basic facility equipment and amenities compromised quality of care in sub-Saharan countries. Policy actions and investment on facility and providers will enable provision of quality services necessary to improve maternal, newborn and child health in SSA.
Introduction
Several international organizations, including the World Health Organization (WHO), have been advocating for universal health coverage, which led to the adoption of policies encouraging improved access to healthcare services in some sub-Saharan Africa (SSA) countries [1, 2] . Even though access to healthcare services is noticeably a problem in low-and middle-income countries (LMICs), challenges related to quality of care also compromise efforts to enhance access to necessary services [3] . For instance, low quality of care can lead to low patient satisfaction which would instigate client-migration to private sector and subsequently an increase in out-of-pocket payment [4] . Studies have also shown that expanding coverage does not necessarily mean access to quality healthcare services [5] [6] [7] . In other words, the questions on quality of care in LMICs are still unanswered even with the directed efforts to achieve universal coverage. It remains unclear whether the existing level of quality of care can lead to improved population health, let alone the information that defines quality of care in LMICs and their determinants.
To answer such questions, one needs a better understanding of quality of care and its impact on health in LMICs. For the latter, several studies have considered the role of different existing aspects of quality of care on health outcomes [8] [9] [10] , but the knowledge on the state of quality of care in LMICs and determinants still remain limited. Earlier studies have suggested that the gaps on quality of care in LMICs could be rather substantial [11] [12] [13] [14] . For instance, a few studies in SSA noted that less than a third of women used the recommended antenatal care (ANC) services [15] [16] [17] ; but even fewer studies explored the determinants of quality of ANC which were measured using number of ANC visits, availability of essential physical examinations, or performing required tests and provision of services by skilled providers [18, 19] . However, these studies used household surveys that only derived patient's perspective retrospectively which are subject to recall bias.
One recent study used weighted averages of quality of ANC indicators that were classified into five dimensions (i.e. effectiveness in ANC service provision, efficiency in service readiness, accessibility of services and equipment, acceptability and satisfaction of patients, and safe provision of service by a qualified provider) to explore potential determinants of quality of care, including regional differences, type of healthcare facility and ownership [20] . The results showed that hospitals were performing well on service readiness efficiency and service/equipment accessibility, while the private facilities performed better in all the services than the public facilities. Though plausible, these results were descriptive in nature and provided less robust evidence to inform policy decisions. Scantiness in the information on determinants of quality of care in LMICs may limit our abilities to further improve on maternal, newborn and child health.
To address such gaps, our study explored the determinants of ANC quality from a provider-based perspective in SSA countries. In identifying the potential determinants, we adopted the social cognitive theory model, which posits that behavior of individuals, such as provider practice, is shaped by predisposing, reinforcing and enabling factors altogether [21] . The potential determinants evaluated concurrently in this study included availability of material resources such as equipment, water and electricity (predisposing factors); clinical guidelines, training and experience of care providers (reinforcing factors); and financial and non-financial provider incentives (enabling factors).
Methods

Study population and design
We used the most recent Service Provision Assessment (SPA) survey data, a nationally representative facility-and provider-based crosssectional survey, of six countries which included Kenya (year 2010), Malawi (years 2013-14) , Namibia (year 2009), Rwanda (year 2007), Tanzania (years 2006) and Uganda (year 2007). The SPA is a facility-based survey conducted periodically by the Demographic Health Survey program on country's readiness to offer health services. Health facilities were randomly sampled from the Master Facility List of each country. Our study sample includes health professionals who observed 7577 ANC clients aged 15-49 in 1 953 facilities across the six countries. The sampling strategy was designed to allow for the representation of all levels of healthcare (i.e. primary, secondary and tertiary care) and different managing authorities.
Data collection
Data on quality of care information were collected using facility audit, healthcare worker survey and client observations. The facility audit questionnaire was used to audit the status of the facility infrastructure, equipment and amenities, and availability of clinical guidelines and managerial tools. Information on training and qualification of healthcare workers was obtained through a provider questionnaire, while our outcome variables of interest-clinical examinations, pregnancy danger signs information and adherence to ANC guideline-were based on actual observation of the interaction between providers and their clients and marking a checklist that had a set of required processes and procedures. Data were collected by trained interviewers. A complete detail of SPA can be found elsewhere [22] .
Measures
Quality of antenatal care
To provide evidence-based guidance on essential practices of ANC, the WHO issued a recommended set of tests and health services oriented around the four-focused ANC visits [23] ; a new ANC guideline was since then proposed in 2016 which increased the number of essential ANC visits from the four-focused visits to eight visits [24] , but is yet to be adopted and implemented in various countries. In this study, we used the guideline available at the time of data collection, and measured clinical quality during the ANC visits using 'optimal quality of clinical care' (i.e. performance of essential health services as defined by the WHO guideline) and 'optimal quality of information gathered' (i.e. information collected on pregnancy danger signs) as used in prior studies in similar settings [18, 25] .
'Optimal quality of clinical care', was a dichotomized (i.e. coded as 1 = yes; 0 = otherwise) index regarded as optimal quality if the provider performed four essential ANC services which include blood pressure measurement, hemoglobin test, urine test and palpation of client's abdomen for fundal height. 'Optimal quality of information gathered' was considered optimal information, coded as 1 for 'yes' and 0 for 'no', if the provider investigated whether the client experienced at least six of the seven pregnancy danger signs which include bleeding in pregnancy, fever in pregnancy, headache or blurred vision, swollen face or hands, tiredness or breathlessness, fetal movement (loss of, excessive, normal) and any other symptoms or problems in pregnancy.
Determinants of quality
The independent determinants explored in our study included characteristics of clients, providers and facilities. At the client's level, we included only the gestational week categorized as ≤12 weeks, 13-26 weeks, 27-32 weeks and ≥33 weeks. However, for provider's characteristics, three indicators were used-qualification (i.e. physician/ others and nurses), years of experience (rescaled to 5-year intervals), and incentives received (no incentives, non-financial incentives only, financial incentives only, and both financial and non-financial incentive). The facility-level variables were related to factors that enable provision of quality ANC services, such as availability of ANC guideline as a reference guide, equipment, type of facility, and availability of electricity and water supply. Availability of 'ANC guideline' was dichotomized (1 = yes; 0 = otherwise) while 'wellequipped' facility included availability of ANC equipment (i.e. stethoscope, weighing scale, blood pressure machine, height board and examination table). Facility type was categorized as upper or lower level to represent the level of care, that is-secondary and tertiary care facilities as the upper level facilities while primary care facilities as lower level. Electricity supply was also divided into two categories (i.e. central electricity supply versus others or no supply), and 'water supply' was also dichotomized as piped water or otherwise. Other variables included country, sub-regions (provinces) and survey year fixed effects.
Statistical analyses
We used both descriptive and multilevel logistic regression analyses to assess determinants of ANC quality, measured using overall indexes of clinical quality of care and information gathered. All analyses were weighted using Taylor series linearization complex survey method in Stata, version 13.1 (StataCorp LP). Descriptive statistics were estimated to show the country level differences, while a multilevel Generalized Linear Latent and Mixed-Effect Model with logit link function was employed to assess the determinants of quality of care and to account for the intrinsic correlation of providers who were nested in health facilities, nested in sub-regions, and nested in countries. In our study, however, levels one, two and three were facilities, sub-regions and country, respectively. The first model was unadjusted while the second model was adjusted for all the predictors including the sub-regions and year of survey (time effect).
Results
Sample characteristics
The distribution of quality of ANC, facility, provider and client's characteristics by country is shown in Table 1 . Providers in Uganda had the lowest optimal clinical quality of care (2.53%) while Namibia had the highest (48.07%). In the optimal quality of information provided, Rwanda had the highest (20.76%) while Malawi the lowest (0.94%). Over 60% of health facilities in Kenya and Malawi had ANC clinical guidelines while almost all facilities in Namibia had piped water supply (97.84%), central electricity supply (91.36%) and were well-equipped (85.11%). The majority of the facility were primary care facilities, with nurses as the main skilled providers of ANC services in all countries. The differences between countries were statistically significant in all the indicators at P < 0.001, except for years of experience (P = 0.146).
In Table 2 , the components of quality of care indexes were disaggregated and the proportions were presented by country. In general, proportions of blood pressure measurement, hemoglobin and urine test in Malawi were the lowest as compared to those of other countries. Only Namibia had proportions above 50% in all the quality of clinical care indexes. Anemia and urine tests were low in almost all the countries, with Malawi being the lowest in anemia test (19.93%) and Uganda the lowest in urine test (5.50%). Moreover, blood pressure and uterine height measurements were the highest measures in all the countries. Nevertheless, for quality of information gathered during the ANC visit, information on fever, headache/ blurred vision and tiredness/breathlessness were lower than 40% in all the countries. For vaginal bleeding and swollen face or hands, only Rwanda had more than 50%, while the baby movement information was high only in Rwanda (68.38%) and Namibia (64.38%). The differences between countries were also statistically significant in all the indexes at P < 0.001.
Multilevel logistic regression on the determinants of ANC quality Table 3 presents the adjusted odds ratios (AOR) of the determinants of optimal quality of clinical care and information collected during ANC visits. After adjusting for all the covariates (i.e. Model 2), providers in health facilities that had ANC guideline (AOR = 1.26; 95% CI, 1.08-1.48), were well-equipped (AOR = 1.65; 95% CI, 1.41-1.92), were classified as upper level (AOR = 1.32; 95% CI, 1.05-1.66), had central electricity supply (AOR = 2.19; 95% CI, 1.81-2.65), and had piped water (AOR = 1.30; 95% CI, 1.09-1.55) were more likely to provide optimal quality of clinical care. The providers who received both the financial and non-financial incentives (AOR = 0.74; 95% CI, 0.59-0.93) were however less likely to provide optimal quality of clinical care when compared those who did not receive any incentive. But, as years of experience increased by one unit, providers were 2% more likely to provide optimal quality of clinical care. After the first trimester, providers were less likely to provide optimal quality of clinical care with pregnancies in the last trimester with the odds ratio of only 0.21 (95% CI, 0.14-0.30). The providers in all the five countries were also less likely to provide optimal quality of clinical care than providers in Kenya but only Malawi, Rwanda and Uganda were statistically significant. In the adjusted model for optimal quality of information gathered, providers in facilities that had ANC guideline (AOR = 1.81; 95% CI, 1.43-2.28) and central electricity supply (AOR = 2.67; 95% CI, 2.01-3.44) and were nurses (AOR=3.69; 95% 1.85-7.29) were more likely to gather optimal information. Moreover, providers who received only non-financial and financial incentives were more likely to collect optimal information with 72% and 61% higher odds, respectively. Providers were less likely to collect optimal information from pregnant women who were in their last trimester. There was also substantial cross-country variation in quality of information collected from pregnant women even when patient, physician and facility characteristics were accounted for.
Discussion
In this study, we leveraged the SPA surveys of six SSA countries to examine the determinants of quality of care in SSA. We assessed the patient-, provider-and facility-level determinants of adherence to the WHO's ANC guideline. In general, we found a great deal of variation in clinical quality of care across different countries. For instance, while some basic ANC examinations such as blood pressure and uterine height were frequently performed, some other important services such as anemia and urine tests were low. We also found that there was a substantial gap in the quality information gathered, specifically-information on pregnancy danger signs, from pregnant women in all countries to make sound clinical decisions.
Facility-based surveys enabled examination of a whole range of supply-side factors that had not been captured in previous studies [18, 19] . The multilevel logit analyses showed that facilities that had ANC guideline, central electricity supply, piped water and were well-equipped were more likely to offer quality ANC suggesting that quality of care in SSA countries might be critically constrained by inadequacy in the necessary equipment, infrastructure and human resources. For government and non-governmental organizations looking to effectively address the gap on the quality of care in SSA, measures must be put in place to acquire modern equipment and improve available infrastructure, e.g. as simple as having reliable electricity supply to enable provision of essential services.
We found that nurses were more likely to adhere to ANC guideline than physicians and clinical officers. This finding may be due to a greater nurse-involvement in the provision of ANC in most SSA countries. This implies that if nurses were provided with the best onjob training and necessary equipment, quality care could be improved. We also found that years of experience were positively associated with quality of care. Such association might be driven by acquaintance with the requirements of the previous ANC guidelines [23] ; but with the newly proposed 2016 guideline [24] , a high clinical experience may also lead to complacency in the clinical practice without considering new procedures. An investigation into how the new guideline has been implemented and adopted is necessary in future studies. On-job training of health workers will ensure that they are empowered on the most up-to-date clinical practice and to offer better services. We also found that providers who received incentives were more likely to gather optimal information on the pregnancy danger sign of their patients but were less likely to provide optimal clinical care. This may have been so because of the under-equipped facilities which would not make it possible for provision of necessary clinical services even with incentives available. Another notable finding was the negative association between mothers who were in late trimester and the quality of services provided. This observation was in contrast with a previous study in Nigeria which found that clients in their fourth visit were more likely to receive quality ANC services than those in their third and lower visits [16] . One potential explanation of this negative association could be related to complacency among the providers, that is -as they become more familiar with their clients, important services performed in the previous visits might have been ignored in the subsequent visits. This is somewhat consistent with previous finding which found that mothers of higher parity received poor quality ANC services [12] . However, this hypothesis still requires more studies to validate it. Policy-makers may also need to consider interventions addressing such 'quality decay' since omission of necessary health services as a result of providers' over-confidence could be dangerous if it is driven by complacency rather than sound clinical judgment.
Strengths and limitations
To the best of our knowledge, this is the first provider-based multicountry study to explore adherence to ANC guideline in SSA. Even though this study contributed in narrowing the existing knowledge gap on quality of care in LMICs, our ability to establish causality is limited by the cross-sectional nature of the SPA surveys. It is challenging and we do not wish to assert definitive causality between the determinants and the quality of ANC services. However, the identified associations could encourage debates and policy actions which would facilitate improvement in quality of care and population health. Moreover, the measures of quality of care in our study were process indicators, which only captured a single aspect of healthcare, the ANC. While this is partly because of the data limitation, which is common in SSA, efforts to develop outcome-based indicators is warranted to allow for adequate evaluation of impact on population health. We were also unable to adjust for other potential confounders which would be associated with the individual patient simply because of data limitations. Lastly, the cross-sectional study design was not sufficient to explore factors associated with implementation of ANC guideline. Developed framework, such as Consolidated Framework for Implementation Research, would be more comprehensive to assess the implementation of guidelines. Future studies should therefore consider exploring how health guidelines are implemented in LMICs using already developed frameworks.
Conclusion
Our study demonstrated the urgent need of understanding quality of care in SSA and its determinants which can encourage development and implementation of policies that would enable quality of care in clinical setting, especially in LMICs. We found that lack of some very basic equipment and amenities compromised quality of ANC in six African countries which is most likely to be true in other SSA countries regardless of the health conditions. Equipping health facilities with enabling resources, for instance, basic ANC testing tools, such as tools for anemia and urine tests, is fundamental. Our study has shown that 'hardware' is a significant predictor of quality of care. Policy-makers should therefore pay attention to equipping health facilities and empowering health professionals to ensure better clinical services and operation. However, one must exercise caution in generalizing our results onto other health conditions and other countries in different regions. The predisposing and enabling factors of different health conditions and different countries may be different, especially conditions that require sophisticated medical treatment and technology that are available in some countries and not available in others.
